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Introduction
The	 infection	with	West	Nile	 virus	 (WNV)	 is	
caused	by	a	mosquito-borne	Flavivirus,	belonging	
to	 the	 Japanese	 encephalitis	 antigenic	 complex	
(Garcia-Bocanegra	et al.,	2012).	WNV	is	a	positive-
strand	RNA	virus	(Briese	and	Bernard,	2005)	and	
nowadays	 it	 is	 known	 as	 the	 most	 widespread	
flavivirus	 (Gamino	 and	 Hȍfle,	 2013).	 This	
viral	 pathogen	 represents	 a	 global	 importance	
concerning	 public	 and	 animal	 health.	 The	 virus	
was	 first	 isolated	 in	 the	 West	 Nile	 district	 of	
Uganda,	 in	 1937,	 from	 a	 woman	 with	 a	 febrile	
process	 (Hubálek	 and	 Halouzka,	 1999).	 WNV	
transmission	 cycle	 involves	 the	 rural	 and	 urban	
areas,	 where	 the	 pathogen	 affects	 birds,	 horses,	
humans	and	also	other	mammals	(Paz,	2015).	The	
natural	cycle	of	WNV	infection	involves	migratory	
birds	 and	 ornitophilic	 mosquitoes,	 mainly	 Culex 
spp.	 and	 Aedes	 spp.	 In	 this	 cycle,	 birds	 act	 as	
amplifying	hosts,	due	to	their	high	level	of	viremia.	
In	 addition,	 migratory	 birds	 are	 instrumental	
in	 the	 introduction	 of	 virus	 to	 temperate	 areas.	
Horses,	humans	and	other	mammalians	are	dead-
end	 hosts	 because	 they	 develop	 a	 low	 level	 of	
viremia	(Briese	and	Bernard,	2005).
In	 Romania,	 the	 first	 major	 outbreak	 in	
humans,	 was	 confirmed	 in	 July	 –	 October,	 1996,	
when	over	393	cases	were	serologically	confirmed,	
in	Bucharest	and	in	other	south-eastern	regions	of	
the	country	(Calistri	et al.,	2010).	
Regarding	 infection	 in	 dogs,	 it	 has	 not	 been	
thought	 to	 be	 important	 in	 the	 epidemiology	
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Abstract: 
West	Nile	virus	(WNV)	infection	causes	diseases	that	vary	in	intensity	from	asymptomatic	to	fatal	encephalitis	
in	humans	and	animals.	The	etiological	agent	 is	a	Flavivirus	belonging	to	 Japanesse	Encephalitis	complex.	This	
zoonotic	virus	 is	maintained	 in	nature	 in	an	enzootic	cycle	between	mosquitoes	and	birds	as	amplifying	hosts.	
Except	birds,	a	wide	variety	of	animals	develop	seroconversion	caused	by	infection,	and	previous	studies	indicated	
that	dogs	may	be	considered	as	sentinel	for	WNV.	The	importance	of	studying	this	virus	is	caused	by	its	zoonotic	
character,	 limited	 possibilities	 of	 active	 surveillance	 and	 real-time	 alertness	 of	 the	 infection’s	 presence	 in	 the	
human	and	animal	populations.	The	aim	of	the	study	was	to	demonstrate	and	estimate	the	seroconversion	in	dogs	
within	an	area	with	confirmed	cases	in	humans	and	animals.	A	total	number	of	76	serum	samples	were	evaluated	
for	the	presence	of	specific	anti	WNV	antibodies	using	a	commercial	competitive	ELISA	kit,	for	the	detection	of	
anti-pr-E	antibodies	(ID	Screen®	West	Nile	Competition	Multi-species).	The	results	indicated	specific	antibodies	
in	32	(42.1%)	out	of	76	samples	tested.	Positive	results	were	recorded	in	all	four	counties	from	which	samples	
were	collected.	Our	preliminary	results	proved	the	circulation	of	WNV	in	dogs	in	areas	where	the	infection	was	
previously	reported	in	animals	and	humans.
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of	 WNV,	 but	 it	 is	 known	 that	 dogs	 can	 be	
experimentally	susceptible	to	infection,	developing	
myopatic	signs	and	low-grade-viremia	(Buckweitz	
et al.,	2003).	
To	 our	 knowledge,	 considering	 dogs	 as	
sentinels	 for	 the	WNV,	 no	 previous	 research	 has	
been	 done	 before	 in	 our	 country.	 Thus,	 the	 aim	
of	 this	 study	 was	 to	 identify	 the	 possible	 virus	
circulation	 in	 dog	 populations	 and	 to	 assess	 the	
seroconversion	 in	 samples	 collected	 from	 four	
counties	within	Romania.
Materials and methods
During	 2012-2014,	 76	 blood	 samples	 were	
collected	from	dogs,	randomly	chosen,	disregarding	
health	status	or	age.	The	samples	were	collected	
from	 four	 counties	 (Bacau,	 Suceava,	 Tulcea	 and	
Iasi),	 situated	 in	Eastern	 region	of	Romania.	The	
sampling	 areas	 have	 been	 chosen	 due	 to	 the	
human	 infections	 (CNSCBT,	 2012),	 birds	 (Ludu	
et al.,	2010)	and	horses	(Ludu	et al.,	2014)	WNV	
seroprevalence	 signaled	 before.	 The	 settlement	
of	Tulcea	County,	 located	near	 the	Danube	Delta	
with	 vast	 areas	 of	 wetlands	 and	 a	 high	 density	
of	 competent	 vectors,	 has	 a	 special	 importance	
since	 this	 area,	 is	 situated	 in	 the	 routes	of	many	
migratory	birds.
The	 dog’s	 potential	 exposure	 to	 mosquitoes	
is	related	to	the	poor	hygiene	and	high	density	of	
animals	within	 shelters	 and	 also	 to	 the	 fact	 that	
animals	are	let	to	roam	near	households.	Also,	the	
spatial	distribution	of	the	virus	is	in	line	with	the	
European	Mosquito	Bulletin,	 according	 to	which,	
the	main	vectors	of	the	WNV	are	distributed	along	
the	south,	southeast,	north	and	central	sides	of	the	
country.
The	blood	samples	were	collected	from	dogs	
in	 paddocks	 (n=46)	 and	 from	 household	 dogs	
(n=30),	 then	 processed	 by	 centrifugation	 for	 10	
minutes	 at	 2000	 x	 g	 for	 serum	 separation	 and	
stored	at		─20°C	until	use.
Serological	 screening	 of	 dog	 sera	 was	
performed	using	a	commercial	competitive	ELISA	
kit	 for	 detection	 of	 anti-pr-E	 antibodies	 (ID.VET	
Innovate	Diagnostics).	The	assays	were	performed	
and	 interpreted	 according	 to	 manufacturer’s	
instructions.	 Serum	 samples	 were	 considered	
positive	 if	 the	 threshold	value	 for	optical	density	
at	450	nm	(S/N)	was	<40%,	as	recommended	by	
the	manufacturer.
Results and discussions
Seropositive	dogs	were	 found	 in	 all	 counties	
taken	 under	 study,	 antibodies	 to	 WNV	 being	
detected	 in	 32	 out	 of	 76	 samples,	 showing	 an	
overall	seroprevalence	rate	of	42,1%	with	a	95%	
confidence	interval	(CIs)	[0,31-0,53].	
Data	were	analysed	using	the	SPSS	IBM	vs	17	
for	 Windows	 statistical	 software	 package.	 Odds	
ratios	 and	 95%	 (CIs)	 confidence	 intervals	 were	
calculated	 in	 the	 logistic	 regression	 model.	 A	 P 
values	 <-0.05	 was	 considered	 to	 be	 statistically	
significant.
Dog’s	seroprevalence	was	compared	between	
counties.	 The	 highest	 seroprevalence	 rate	
observed	in	dogs,	was	recorded	in	Bacău	County.	
Out	 of	 24	 samples	 collected	 from	 paddocks	 and	
private	 households,	 16	 were	 positive	 for	 WNV	
antibodies	(66,7%)	CIs	(95%)	[0,46-0,87]	(Tab.1.).	
In	 Iaşi	 County,	 where	 infection	 with	 WNV	 was	
confirmed	in	horses	in	2011	(Ludu	et al.,	2014),	in	
humans	 in	2012,	2013	and	2014	(CNSCBT	2012,	
2013,	2014),	the	seroprevalence	in	dogs	was	30%	
CIs	[0,08-0,42],	meaning	that,	out	of		30	collected	
samples,	nine	were	positive	 for	WNV	antibodies.	
The	second	highest	seroprevalence	rate	(60%)	CIs	
(95%)	[0,23-0,96],		was	observed	in	Tulcea	County,	
where	 out	 of	 ten	 tested	 dogs,	 six	 had	 anti-WNV	
antibodies.	In	Suceava	County,	where	the	infection	
with	WNV	was	confirmed	in	horses	in	2007	(Ludu	
et al.,	2014),	anti-WNV	antibodies	were	detected	
only	in	one	sample,	and	the	other	11	were	clearly	
negative	(8,3%)	CIs	(95%)	[-0,1-0,26].
	 The	 serological	 results	 reported	 in	 this	
study	 indicates	 that	 42,1%	 of	 tested	 dogs	 were	
infected	with	WNV,	showing	a	wide	geographical	
distribution	of	this	flavivirus	among	the	collecting	
areas.
Notable	differences	in	rates	could	be	observed	
in	 Tulcea	 and	 Suceva	 County.	 The	 differences	
occur	 due	 to	 geographic	 area	 and	 ecosystems.	
Tulcea	 County	 has	 a	 high	 density	 of	 residential	
and	migratory	birds,	competent	vectors,	and	also	
a	high	amount	of	wetlands.	
In	contrast,	the	climatic	conditions	in	Suceava	
County	 and	 the	 ecosystem	 are	 not	 favorable	 to	
virus	circulation,	therefore	the	dogs	have	a	lower	
level	of	exposure	to	mosquito’s	bites.
The	 odds	 of	 seropositivity	 were	 more	 than	
three	 times	 (3,3)	 higher	 for	 households	 (73,3%)	
than	 for	 shelter	 dogs	 (21,7%),	 with	 a	 95%	
confidence	interval	(CIs)	[0,56-0,90]	both	for	dogs	
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from	 households	 and	 for	 shelter	 dogs	 95%	 CIs	
[0,09-0,34].
The	 highest	 proportion	 of	 seropositive	 dogs	
was	 detected	 in	 private	 households	 from	 Bacău	
County,	 and	 considering	 the	proximity	 to	human	
settlements,	 they	 could	 attract	 the	 infected	
mosquitoes	 and	 reduce	 the	 human	 infection	
(Davoust	et al.,	2014).
The	seroprevalence	rate	obtained	from	shelter	
dogs	 in	 Iasi	(30%),	might	be	caused	by	 intensive	
mosquito	 biting	 activity,	 the	 density	 of	 animals	
within	 paddocks	 and	 also	 because	 of	 the	 poor	
hygiene	(Ozkul	et al.,	2006),	all	these	contributing	
to	virus	spreading.
In	 this	 preliminary	 study,	 the	 overall	
percentage	 of	 WNV	 seropositivity	 in	 dogs	 was	
lower	 than	 the	 seroprevalence	 recorded	by	Levy	
et al.	(55,9%)	in	2011.	
The	seroprevalence	recorded	in	our	study	was	
almost	 twice	higher	compared	to	seroprevalence	
highlighted	by	Gaunt	et al.	(2017)	in	Canada	(28%),	
and	the	one	obtained	by	Kile	et al.	(26%)	in	2005.	
Serological	 studies	 conducted	 by	 other	 authors,	
showed	lower	percentage	of	WNV	seroprevalence	
compared	to	our	surveillance:	37%	by	Ozkul	et al. 
(2006)	 in	Turkey,	8,4%	by	Maquart	et al.	 (2017)	
in	Corsica,	 France,	4,8	%	by	Garcia-Bocanegra	et 
al.	 (2018)	in	Spain,	4,6	%	by	Lan	et al.	 (2011)	in	
China,	 and	 2,36%	 by	 Buckweitz	 et al.	 (2003)	 in	
Cloumbia.	
	 By	 correlating	 the	 collection	 time	 of	 dog	
samples	and	the	evolution	of	human	infection	with	
West	Nile	virus	at	the	same	time,	we	can	state	that	
there	is	a	virus	persistence	in	the	south	and	south-
east	 of	 the	 country,	 known	 as	 endemic.	 Thus,	 of	
the	 30	 dog	 samples	 collected	 in	 Iasi,	 nine	 were	
positive,	while	the	evolution	of	human	cases	during	
2012-2014	in	Iasi,	has	constantly	evolved.	In	2012	
one	 case	 of	 infection	 with	WNV	 was	 confirmed,	
in	2013	 two	cases	and	 in	 the	2014	another	 case	
was	 confirmed	 (CNSCBT	 2012,	 2013,	 2014).	 In	
Bacau	County,	although	there	were	many	positive	
samples	in	dogs	(16	out	of	24	collected),	infection	
with	West	Nile	virus	was	detected	in	humans	only	
in	2013	(CNSCBT	2012,	2013,	2014).	
In	Tulcea	County,	seroconversion	in	dogs	had	
the	highest	percentage,	although	the	samples	were	
few	 (six	 of	 ten	 collected	 samples	were	 positive).	
The	evolution	of	human	infection	Tulcea	County	in	
2013	 shows	 that	out	of	22	 confirmed	cases,	 two	
were	 recorded	 in	 this	 area	 (CNSCBT	 2013).	 The	
only	county	were	there	was	no	human	cases	within	
the	studied	period,	was	Suceava	County.	The	lack	
of	 immunological	 response	 is	 also	 reflected	 in	
Tab. 2.	Prevalence	of	West	Nile	virus	antibodies	in	dog	populations	
from	the	East	side	of	România	2012-2014
Ig	G-positive	samples
County Tested	samples No. %																		(95	%CI)
Bacău 24 16 66,7%	 [0,31-0,53]
Iaşi 30 9 30%	 [0,13-0,46]
Tulcea 10 6 60% [0,29-0,90]
Suceava 12 1 8,3% [-0,07-0,23]
Total 76 32 42,1% [0,31-0,53]
Tab. 1. Number	of	tested	samples	for	the	detection	
of	 WNV	 anti-pr-E	 antibodies	 by	 Competitive	
ELISA	
No. County Tested	samples
1. Bacău 24
2. Iaşi 30
3. Tulcea 10
4. Suceava 12
Total 76
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dogs,	where	out	 of	 12	 tested	dogs,	 only	one	had	
anti-WN	antibodies.	
Therefore,	 the	 WNV	 seroprevalence	 in	 dogs	
was	5.3	times	higher	than	the	WNV	seroprevalence	
in	humans	in	the	same	areas,	suggesting	that	dogs	
may	be	useful	sentinel	indicators	for	WNV.
From	our	knowledge,	this	is	the	first	attempt	
to	asses	WNV	seroconversion	in	dogs	in	Romania,	
in	 which	 we	 try	 to	 outline	 the	 role	 of	 dogs	 as	
sentinels	 for	 virus	 circulations.	 Because	 of	 the	
possible	cross	reactions	with	members	belonging	
to	 the	 same	 serocomplex,	 we	 consider	 that	 our	
results	 should	 be	 further	 verified	 using	 a	 more	
specific	diagnosis	test.
Conclusions
Based	 on	 our	 serologic	 surveillance	 and	
seropositivity	 obtained,	 this	 preliminary	 study	
confirms	that	either	WNV	or	a	very	closely	related	
virus	is	circulating	over	a	wide	but	not	homogenous	
region	 of	 Romania,	 where	 outbreaks	 with	 WNV	
were	 reported	 both	 in	 horses	 and	 humans	 and	
finally	in	dogs,	which	are	exposed	to	virus.	
This	preliminary	study	results	emphasize	the	
need	 for	 further	 investigation	 on	 the	 potential	
use	 of	 dogs	 as	 sentinel	 indicators	 for	 WNV,	 the	
potential	risk	of	human	exposure	and	also	for	the	
comprehension	 of	 the	 virus	 epidemiology	 and	
circulation.
From	 our	 knowledge,	 this	 is	 the	 first	 report	
of	 West	 Nile	 virus	 seroconversion	 in	 dogs	 in	
Romania,	and	due	to	possible	cross-reaction	with	
other	viruses	belonging	to	the	same	serocomplex,	
the	 obtained	 results	 will	 be	 validated	 by	 serum	
neutralization	test.
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